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HCCJIĘĄOBAHHE JiHAMHKH OnTHMMLHLK no KTIfl DJEKTPOfiATrDiTHŁK 
HAC0C0B M M0JI0T0B

Pe3BM e
IfeynaeTCH flHHaMHKa m o a o to b  h  H a c o c o B  c  o n tm MambHHM n o  K im

OJieKTpOMarHHTHHM npHBOflOM B03BpaTHO-nOCTynaTeJIbHOrO flBHKeHHfl. 
npeftiiaraeTCH MeTOA peiueHMH HeJWHeHHbix AH(K)epeHnHajihHux ypaBHe- 
m m ,  ocHOBaHHhiii Ha oi^eHKe cpeAHefó HeBH3KH.

I .  B B eneH H e

OflHO0 H3 n epcneK T H B H H x oC m acT eti npuMeHeHHH smeKTpoMarHWTHboc 

A B H ra T e n e ii B 0 3 B p a T H O -n o cT y n a T e m b H o ro  a b h h s h h h  H anaeTCH  c0 3 fla H n e  

Ha h x  6 a 3 e  H a c o c o B  [ l , 2 ]  h m o ah h x  MamHH y fla p H o ro  fleiiCTBHH -  m o -  

JIOTOB [ 3 ]  .  C p a B H H T e ilb H a H  npOCTOTa KOHCTpyKIlHH, B03M 0KH0CTb n O -  

BumeHHH HaflesHOCTH pafioT H  b h t o a h o  OTJimiaioT h x  o t  A p y r n x  tm io b  

ManiHH aHajiornuHoro Ha3HaueHHH.
Bojibmaa M a c c a  n raCiapuTH mojiotob He no3BOJiHjoT 3$$eKTHBH0 npo- 

BOflHTb SKCnepHMeHTaJIbHhie HCCJieAOBaHHH 9THX MamHH C peJIblO HX 00 TH— 
MH3auHH. IlOOTOMy OCHOBHOe BHHMaHHe yAeUHeTCH C03A3HHK) HOBŁK H CO- 
BepmeHCTBOBaHHK) CTapbK MeTOAOB pacneTa ta anajiH3a pafioTu 3Thx wa- 
nmH Ha 6a3e  HaKonmeHHoro onma 3KcnJiyaTaqHH.

y ^ H T U B a n  B a a w o c T b  KUfl Kaw KpHTepHH C T en eH H  c o B e p m e H C T B a  jeo-  

6oft MaiiiHHU, mu  onpeA eJtH M  y c J iO B H H , H e o ó x o A H M u e  a ^ h  A O c n rse H H H  M aK- 

cH M am bH oro  K im  y a m e K T p o M a r H H T a ,  h  f o p M y i i y ,  no3BOJiicoiAyB ncwiyuHTb 

e r o  3 H a n e H H e  [ 4 ]  .

OflHaKO HajmnHe MaKCHManbHO AonycraMoro K im  P A n  Kasmoro k o h k -  

peTHoro Hacoca nim mojiots eme He onpeAemneT cnocoóu ero noBumeHHH.
y K a 3 a T b  npHUHHU H epaiiHOHBJIbHbK n O T e p b  B peambHOM MOJIOTe MOSeT 

TOAbKO cp a B H H T e J ib H u i i  aH a J iH 3  AHHaMHnecKHX u C T aT H necK H X  x a p a K T e -  

P h c t h k  p e a n b H O ii  u  onTHMambHOfi n o  K i m  MamHH.
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Z. ypameme g m am m

Hafiñéií AHHaMMtíecKHe h CTaranecicHe xapaKTepucTHKH onTHManbHoro 
no KTW 3JieKTpOMarHHTHoro Hacoca h MOJiOTa, nMTSJo^erccH o t  ncTon- 
HHKa nocTOHHHoro HanpnseHHH. ypaBHeHHe MexaHunecicoro paBHOBecnH 
AAh Hacoca h MOJiOTa HMeeT bha

mx"± Fnp~ f3 , (i)
rfle m  -  Macea noABHSHHx nacTeñ (hkoph) ;

X" -  ycKopeHHe abhschhh hkoph ;
Fnt> -  cwJia, npOTHBOfleñcTBjTomafl flBHsemiro hkoph ;

F„p-mg- cuna Beca hkoph a^h MOJiOTa;
Fnp~Fc - CHJia COnpOTHBJieHHH KHflKOCTH ffittH HaCOCOB }

$  -  ycKopeHHe chjih T n s e c r a ;
F3 - BJieKTpoMarHHTHan CHJia.

3hsk "ujibc" nepeA Fnp othochtch  k patfOTe HaMarHHHHBa¡omeft 
o(5motkh xouiocToro xoab, 3H3k "MMHyc" to  se akh pafíonero xoAa 
(TepMHHOHOrHH 3aHMCTB0BaHa H3 [3] )•

y oiiTHMaübHoro no KH3 3jieKTpoMarHHTa, nHTaiomerocH ot nocT o- 
HHHoro HCTonHHKa HanpnseHHH > chjib thth HMeeT bha [4] :

F = -^n t
T'X' (2)

rae A „ ~  paÓOTa, KOTopyo AOJDseH coBeptmTb 3JieKTpoMarHHTHbiií abh- 
rarexb 3 a BpeMH T  i

X' - CKOpOCTb ABHKeHHH HKOpfl.
ÜOACTaBHB (2) b (I), nojiytoiM

mx" ± F„p = -̂ ~r ■ (3)
ypaBHeHHe (3 )  -  ecTb HeJiWHeftHOe AWcMiepeHqHajibHoe ypaBHeHHe 

BToporo nopHAKa,'He HHTerpHpyeMoe b KBaApaTypax. üoaTOMy a^h on- 
peflejieHHH npH&JinseHHoro ero  pemeHHH BOcnoJib3yeMCH MeTOAOM, o c h o -  

BaHHUM Ha oueHKe cpeAHeíí HeBH3KH.

3 . üpeAJiaraeMHfi mctoa

IIpH OTucKaHHH pemeHHíí HeJiHHeííHbK AM$$epeHqHaJibHHX ypaBHeHHñ, 
TO îHoe perneane KOTopbix nañTH HeB03M0sH0, MoryT SuTb npHMeHeHH ABa 
npufiJiHseHHHX MeTOAa, ocHOBaHHue Ha opeHKe cpeAHeñ HeBH3KH -  T a- 
JiepKMHa h PHTpa [ 5 ]  . K HeAOCTaTKaM sthx mctoaob cneAyeT o ra e c ra  
TO, «TO npH OnpeAeJieHHH nOCTOHHHUX KOS^UKeHTOB, MHHHMH3HpyDnpCC 
HeBH3Ky, Aase npuMeHHTeJibHO k npocTUM hcxoahhm HenHHeitaiM A«cfxíie- 
peHujiaAbHuií ypasHeHHHM, npHxoAHTCH npHÓeraTb:

- k BunH&ffieHHio cüoshhx, tíame Bcero ne tSepynsHxCH HHTerpaAOB;
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-  K cjiOKHbiM ajireßpaH^ecKHM ypaBHSHHHM, KOTopne oÓhhho He 
HMeiOT QHajiHTHuecKHx pemeHHiî.

B CHüy 3THX HeflOCTaTKOB MeTOflH rajiepKHHa H PHTpa, HeCMOTpH 
Ha HX 3$$eKTHBH0CTb, He HamJIH HIHpOKOrO npHMeHeHHH.

B naHHOii paßoTe ¿yin aHaaH3a flimaMHKH HacocoB h mojiotob npefl- 
jiaraeTCH enocoó pemeHHH flHrlxJepeHiiHajibHHX ypaBHeHHft, ocHOBaHHHîi 
Ha oi êHKe cpeflHeft HeBH3KH c noMoąbio MeTO^a cpeflHHX.

JionycTHM, ecTb flH$$epeHuHaabHoe ypaBHeHHe, KOTopoe b oßmeM 
Buße MosceT ÖHTb npeßCTaBaeHo:

X < "> = F ( t , X ,  X ' ,  X", x " 0 ,  ( 4 )
rfle  F  -  HeH3BecTHaa HejiHHeviHaH $yHKifliH cbohx apryMeHTOB, 3aßaH- 

Haa b HeKOTopoü oßaacra ;
t - HeaaBHCHwaa nepeMeHHaa ;
X -  (JyHKipiH nepeMeHHOü t  ;

X1, X" Xn~4 - npoH3BOflHue $yHKipra X no He3aBHCHuoä nepeMeHHOft t .

IlycTb ypaBHenne (4 )  He yßaeTCn npoHHTerpHpoBSTb b KBąupaTy- 
pax, Toraa, icau h b MeTOflax raaepraraa h Pn-rpa, öyfleM HCKaTb npn- 
ÖJiKKeHHoe pemeHHe: . . ✓ . \x(t)~ K X0 ( t )  + ̂X y ( t ) + . . .  jgj
rfle m -  $yHKipiH, annpoKCHMHpyiomafl TOHHOe pemeHHe ypaBHeHHH 

(4 )  h yflOBJieTBopajomaH 3apaHee H3BecTHbiM HanaabHHM 
ycyiOBHHM ;

X o(t)-  (JyHKqHH , HaHÖcuiee 6jih3K0 annpoKCHMHpyx>maa TOHHoe 

pemeHHe (4 ) ;
nonpaBOMHbie JyHKipiH ;

Ä0f Xi, JL¿,...,/Lin ~ nOCTOHHHhie K03l|4imHeHTH, KOTOpae flOJDKHhl
6uTb nofloßpanu TaK, htoöh $yHKipiH x(t) ßaaa oiith-
MaJIbHOH.

Bußop $yHKUHñ, $HrypHpyffimHX b ( 5 ) ,  aoaseH npoH3BOflHTbca r a -  

khm oßpaaoM, HToßa cywwa Heßoabmoro hx HHcaa ROCTaTOHHO tohho 
annpoKCHMHpoBajia Ha 3aąaHH0M HHTepBane ditiê pemeHHe ypaBHeHHa 
( 4 ) .  KpoMe Toro, seaaTeabHO, hto6h ara  fyHKijHH ßaaH npocTbiMH.TaK 
KaK b flajibHeñmeM oóuhho npHxoflHTCn aHajiH3HpoBaTb noayneHHae pe
meHHe.

OqeBHAHO, HTO npH BHÖOpe (JyHKLJHM HeoßxOAHMO npefiBapHTeBbHO 
3HäTb CBOßcTBa pemeHHs - Ha 6a3e sKcnepHMeHTaabnax aaHHux, a o rn -  
HeCKHX BHBOAOB» HHCJieHHHX pemeHHH H T.fl.
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Miax, ecjiH BKA $yHxqHß BKÖpaH, oÓTaeTCH t o j i l k o  naßra i i o c t o -  

HHHue Ao, üocKOJibKy x(t) He h b a h ö t c h  to k h h m  peoieHKeM
(4), t o  nocme noACTaHOBXH (5) b (4) noJiymiM nexoTopyio iyHxipo 
e(t) , xapaKTepH3ysoąyio Mepy npnßjiHKeHHH. fleßcTBHTeJibHO, ecm 

6 h  X(t) ö h jio  to k h h m  pemeHHeM (4), t o  fyHKqHH S(t) TO®AecTBeH- 
Ho paBHHJiacb 6u Hymo.

Mepoß TOKHOCTH npHÖJHßseHHoro pesieHHH cmeayeT CKKTaTb t o, Ha-

BceM HccjieAyeMOM nHTepBajie 
Æih onpefleJieHHfl nocTOHHHux A0 , A4 , ?LZ . . . . »  Am Bocnojib- 

3yeMCH MeTOAOM cpeAHHX [ 6 ]  , corjiacHO xoTOpOMy 3a Hannytimee no- 
JioæeHHe annpóKCHMHpyioąeK fyHxpHH npHHHMaeTCa t o ,  ajih KOToporo 
paBHa Hyœo cyMMa Bcex yxJiOHeHHM, T .e .  aoækho HMeTb MecTo paseH-

%o6h HaßTH A 0 , A* ,  A ¿  ,..., A«, , h6o6xoahmo HHTerpaji 
(6) pa30KTb Ha m+1 HHTerpanoB, coAepsarçwx npwMepHO oflKHaKOBue 
yyacTKH HHrerpHpoBaHHH.

IlpHpaBHHB HyJüo xasAuñ Ha Z77+/ HHTerpajiOB, nojiyKKM cHCTeMy, 
COAepsailQTO CTOJIbKO ypâBHeHKH, CKOJIbKO HMeeTCH HeH3BeCTHbIX K09$-

PemHB CMCTeMy ( 7 ) ,  HaßfleM KOatJxJíiqHeHTH A g , A /  , . . . , A m > 
onTHMK3HpyroAKe pemeHHe (5). 

Tax xax cyMMa HHTerpajiOB (7 )  pasHa Hy®o, to  paBeH Hynro h  
HHTerpaJi ( 6 ) ,  u to  cooTBeTCTByeT BHÔpaHHOMy weTOAy.

4. JÎKHaMHKa MOJIOTOB K HaCOCOB
B cooTBeTCTBHH c  BHffle npejyiaraeMHM MeTOAOM pemeHHe ypaBHe.HHH 

(3) 6yAeM HCxaTb b b h a s

r a e :  A -  HeH3BecTHuií xo3$$HiíKeHT, noAJiesaiipta onpeflejieHrao ; 
t -  Texymee 3HauaHHe BpeMeH» ;

CXOAbKO H eBH 3K â t(t) npHÔAKæaeTCH h o cT a e T C H  6 jih 3 K 0 R  k  Hyjno Ha

CTBO J=j‘£(t)dt=0.
(6)

(7)

(8)
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ß  - H3 BeCTHHíí KQ3$$HUHeHT.
B h a  fyHKLtKH ( 8 )  BUÖpaH c  yueTOM pemeHHH ypaBHeHMH ( 3 )  npH 

Fpp - 0 .
Hesaak& , cooTBeTCTByjoąaH npHÔJiHseKHOMy pemeHHio (8), HMeeT 

p  /  \  , 8 ~ ź  , _  ,  A Ft

£ (t) =  m A  5 ( ß - i ) t  ± F np A ~ j Q - i  .
( 9 )

Zfla o n p e ;ąejieH5iH A ROJiimo ełsiqjihhtb ch pase-HCTBO

J Te(t)dt=o. (io)
TaK K3K pesenne ypaBHeHMH ( I )  onaeuejineTCfl pasfíeJibHO npn paßoneM
M XOHOCTOM XOA© HKOpa, TO , eCTeCTBBHHO, anUpOKCHMapHK) peiiecooö- 
paSHO np0H3B0AM Tb B TeyeHHO paÖOTLl KasCAOM HX HaMarHMHHBaiOaiKX oß-
LäOTOK OTA&HBHO. ÜQSTQMy HHTerpHpOBâHue BbffiojiHHBM b npeflenax

O s t $ T .
ÏÏQflCTaBHB ( 9 )  B ( 1 0 ) ,  nocJie HHTerpHpOBaHHa nonynHM KBaßpaT- 

Hoe ypaBHeHHe a a s  onpeseaeHMH HeH3BecTHoro Koa&fiHpHeHTa:

m A z B T ß ~i i  FnpA T  ~
A n - T * - *

B ( Z - ß ) (II)
noJiymw.

_ FaP- r
Z m ß

16 m
+  1 ( 12)

PeffiHB ( I I )  OTHOCKT&ÏIBHO A
-*-« r./“

,V / +  "3 ( 2 S ) F ¿
OeoeA KBSApaTHHM Kopnew BußpaH 3H8k "iunoc", t . k .  npw "MHHyce" Ą 
CT8H0BHTCH OTpHl}8 TeJÎBHHM, HTQ HHlieFO $K3KHeCK0r0 CMbICJia.

Mt b k , npHßJiiimeHHoe peoieHHe ypaBHeHMH ( 3 )  c  ynevow (1 2 )  6y.neT 

■ 2 - 8HMeTb BMJ3,: FnPr— r  np
Zmß

16 m An
3 (2-t\)F* +  1

8

(1 3 )
B COOTBeTCTBHH C ( 1 3 )  ITOCTpOeHH rpa$HKH (p H C .I  H 2) ABHKeHHH 

HKopn 3JieKTpoMarHHTHoro MOJXOTa c o  cneflyioixtHMH napaMeTpaMw: Fnp =

= 1 5 6 9 ,6  H ; m  =  160  kt ; 7XX = 0 ,1 4 1 6 3  c  ; Tpx = 0 ,1 4 2 8 6  c  ;
Ą xx= 7 2 6 ,4 8 7 3  H . m ;  Apx =  1 2 7 3 ,5 1 3 1  H . m ;  npuneM , Koa^iMpHeHT ß  

npHHHMajiCH paBHHM 3 / 2 ;  aflecb 7 XX > Tpx . A xx  » A px -  BpeMH h
p a ß o T a , coBepuieHHaH HaMarHHHHBaioinwMH oßMOTKaMH x o jio c T o ro  h p a ß o -  

u ero  x o ^ a  cooTBeTCTBeHHO.

Ha pKcyHKax jyxn opeHKM tohhocth peoieHMH ( 1 3 ) ,  npHsefleHo tsk-  
s e  TotiHoe peaeHHe ypaBHeHMH ( I ) ,  noJiyneHHoe MeTOflOM hookjikh [ 5 ]  .

fym  nojiyneHMH pemeHKH m btoaom  m 30kjhih ypaBHeHHe ( I )  n p e flB a -  

puTeHbHO 6 uno npHBefleHO k BHAy
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j m ( x f  i  F p p x  - Ą p ^ t - O ,

K W , UTO OflHO H TO M ,

(1 4 )
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SpeMfí t  -10'2, C

P h c . I .  ^BHKeHue s n o p a  npH p a 6 o -  
neM xofle aJieKTpoMarHHTHoro mo - 
jioTa:
-    p a cu e T  n o  annpoKCHMwpy-
Kttiîeîi fopM yJie ; --------------------pem enne
MeTOflÔM K30KJIHH

z <, 6 8 to fź i ł  iS

B p e n f i t  • 10  ~z , c  

P u c .2. ^BiîseHKe nKopn npn xo-
JIOCTOM XOfle 3JieKTpoMarHHTHOr0 
MOjioTa:
- - —  pacneT no annpoKCHMH- 
pyjoąeii fopMyjie ;-------- perae-
HHe MST-ÔflOM H30KJIMH

CpaBHHBan pemeHnn, mosho 3aKJEonnTb, u to  pe3yJibTaTu BunHCJieHua no 
(13) xopomo coBnąąaioT c peayJibTaTawn BHnHCJieraw no (14), k noaTO- 
My MOBHO CUHTETb, tjTO annpOKCHMHpyîOrçajT ÈyHKqHH RBHSteHHH HKO- 
p,q MOJiOTa BufipaHa npasHJibHO.
B KonenHoK Tonne npHTqaceHMH aKopn e ro  CKopocTb X* n nepeMemeHHe 
X  H3 (13) h  (14) onpeflaHHeTCH

x;= \¡~m (^n + n̂p *
... F„.T2 U I ^  is m A n  ' .1

2m b [V J r2
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HïaK, H3 [4] h no pe3yJibTaT8M, noayueHHHM b 3T0ü paôoTe, 
MOSHO 3310110 UHTb, UTO 9JieKTpOMarHHTHH6 HaCOCH K MOJIOTH, OnTHMaJIb- 
Hue no Küß h noAKJBoueHHue k HCTOUHHKy nocToaHHOro aanpaxeHKa, 
AOJESHU HMGTb cJieAy¡omne

flHHaMHuecKHe xapaKTepHCTHKH

U = consti i=-£{l-0>S[l+\(l-8AnR/(ULzT) ]};

V*0,s(l+f^£)ut; Ht;

Y
X =_ F„T

2-B

2 m B

CTSTHUeCKHG X 8p 3KTepfîCTHKM

\/ 1 + S Í  m â ji  - y
.V 3  (2 -B )  F *  T 2 + 1

t ei

L - 0 , 5

Va

r f ie  U  . I  > V  » R  > L  ~ MrHOBeHHue 3HaueHKa HanpaxeHHa, to- 
Ka, nOTOKOCuenaeHHH, COnpOTHBJleHHH H HHUyKTHBHOCTH.

E cjih npw nccaeflOBaHnn AKHaMHuecKHX h  CTarauecKwx x a p a K T e p n c -  

THK HeOÔXOflKMO, KpOMG npHBeflOHHHX BUffle, HCCJieflOBaTb e ą e  CKOpOCTb,

ycKopeHwe axopa, aJieKTpOMarHHTHyio cmiy, to  neoöxoAHMo nocTynuTb 
cjie.nyioaiHM oßpasoM. Hañra u h c j i g h h u m k jih  rpa$«uecKHM MeTOßOM (na- 
npHMep» MeTOflOM H 3 0 k jih h ) nepewemeHHe axopa no ypaBHeHHS (I), a 
3areu m  (1 4 ) Hanra cxopocTB, H3 (2 )  -  cnay th th  sJiexTpoMarHMTa 
h  H3 (I) - ycKOpeHHe.

OnpefleoiKTb CKopocTB h ycK op em -ie  nyTeM  AKí^epeHLpípOBaHKH (13) 
HBJIb3H -  3 T0 npHBOflHT K ÔOJIbllMM nOrpeiïïHOCTHM, T3K KaK (JiyHXpHa
(13) noAÔHpaJiacb M3 ycjiOBHa HawJiyunieid annpoxCHMaiçan nepeMemenna 
HKOpa ( c M .p n c .1 ,2 ) , a He cx o p o cra  h ycxopeHHa.

1 h  i  e  p a ï  y  p a

1 ycaKOBCKHH B.M . HHeçbfioHHHe H acocu. -  M .: MamiîHOCTpoeHHe,

1973.
2  C m m h t h h  A. H., Mhcïok D.II^ Pa 3 paÖ 0 Txa h C0 3 flaHHe sJiexTpoMarHHT-
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Horo HarHeTaTeJiH bo.ąhldc cocTasoB. - B có.: SaeKTpoMarHHTHbie 
MaiaHHK ynapHoro fleacTEUH. -  Hobochóhpck: h3,h.HT1H CO AH CCCP,
1 9 7 8 , c .9 0 .

3  MajioB A .T . , PameHijeB H . Ł , H o co B ep  A .B .  u ,np. OaeKTpoM arHHT- 

Hue mojioth. -  HobochChpck : H ay K a, 1 9 7 9 .

4  CMeJlHTHH A.H. MaKCHMaJIbHŁM K03$$HpneHT IICWie3H0r0 fleHCTBHH 
3Ji8KTpoMai’HKTa. - fT IP M , 1 9 8 1 , $ 3 ,  c . 5 2 .

5  KaHHHHrxeM B. BBąąeHue b Teopiro H&raHeiiHHX chctbm . -  M .-JI .: 
Poc3KeproM 3flaT , 1 9 6 2 , c . 4 8 .

6  /IpMHflOBHq B . n . , MapoH H . A . , ¡UyBajiOBa 3 . 3 .  %cJieHHbie MeTOflu 
aHajmaa. -  M .: rocy#apcTBeHHOe H3flaTeJibCTB0 $H3HK0-MaTeMaTH- 
gecKOii JiHTepaTypu, 1 96 3 .

ANALIZA DYNAMIKI POMP I  MŁOTOW ELEKTROMAGNETYCZNYCH 

O OPTYMALNEJ SPRAWNOŚCI

S t r e s z c z e n i e

W pracy przedstawiono dynamikę młotów i pomp z napędem elektro
magnetycznym o optymalnej sprawności i ruchu posuwisto-zwrotnym. 
'Zaproponowano metodę rozwiązania nieliniowych równali różniczkowych 
na podstawie oceny średniej odchyłki. Podano przykład liczbowy ilu- 
jstrujący zastosowanie metody do analizy dynamiki pomp i młotów z 
¡napędem elektromagnetycznym.

DYNAMICS OF PUMPS AND HUMMERS WITH ELECTROMAGNETIC 

REVERSIBLE DRIVE HAVING OPTIMAL EFFICIENCY 
S u m m a r y

The dynam ics o f  pumps and hammers w ith  e le c t r o m a g n e t ic  r e v e r 
s i b l e  d r iv e  h a v in g  o p tim a l e f f i c i e n c y  i s  c o n s id e r e d  in  t h i s  p a p e r  
The method o f  s o lv in g  th e  n o n l in e a r  d i f f e r e n t i a l  e q u a t io n s  i s  
g iv e n .  T h is  method i s  b a se d  on a v e ra g e m e a n in g s . The n u m e r ic a l 
exam ple i s  g iv e n  t o  i l l u s t r a t e  th e  a p p l i c a t io n  o f  th e  method to  
th e  a n a l y s i s  o f  th e  dynam ic c h a r a c t e r i s t i c s  o f ; th £ s a m a c h in e s .
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